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Summary 
A collaborative test on the determination of natamycin in cheese and 
cheese rind was carried out. In total 38 laboratorles from 13 
countries were participating . Eight samples, consistlog of 4 duplica-
tes we re investigated by a spectrometric and an HPLC method. 
The results are reported in Tables 1- 5 and summarized in Table 6. 
The overall results are as fol1ows. 
neteetion Preconcent ration Heao cvr CVR 
method applied mg/kg % % 
Level A Spectr . no 62,5 5,9 12,2 
HPLC 60,8 9,3 20,6 
Level ll Spectr . no 15 , 2 6 , 2 11,9 
HPLC 15,5 7,1 25,7 
Level C Spectr. yes 1 , 19 16,5 35 
HPLC 1,43 23 , 4 37 
Level D Spectr . yes 0,27 42,5 60 
HPLC 0,34 29 39 
The quality of the results can be classified: 
Level A Level ll Level c; Level u 
spectroscopie dire ct good good not at al not 
spectroscopie af ter concentrat ion no need no need bad not 
HPLC-UV direct reas onable reasonable not at al not 
HPLC-UV after concentration no need no need bad bad 
The method fulfills the requirements of the EEC . llased upon the method 
the ad hoc EEC ~.;rorking group adopted an unambiguous method for analy-
sis of cheese rind and cheese. 
The method is adopted by the Joint IDF/ISO/AOAC Group of Experts 
"Selected Food Additives" to eventually becom on IDF and ISO Standard 
Hethod . 
Rapporteur: dr W.G. de Ruig 
Projectleade r: ir P. C. Hollman 
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1. INTRODUCTION 
Natamycin or pimaricin is a white to creamy- white almast tasteless and 
almast odourless , crystalline powder. It is a fungiciclal antibictic 
and antimycotic of the polyene macrolide group, and is produced by 
the actinomycete Streptomyces natalensis. 
The chemica! formula is c33H47 No13 , the molecular weight 665.74 and 
the structural formula 
The fungus natamycin was discovered by A.P. Struyk in a soil sample 
originating from the environment of Pietermaritzburg in the province 
of Natal, Republic of South Africa . From its place of discovery the 
fungus got the narnes pimaricin and natamycin. 
It has found wide application especially on cheese and sausages . In 
the dairy industry natamycin is applied in cheese coatings, and it has 
turned out to be effective in preventing mould formatton ~>~ithout 
affecting the behaviour (taste, appearance) of the cheese. In these 
respects natamycin is supertor to alternative products. 
According to national legislation, official clearances for the use of 
na t amycin as preservative for cheese have been granted by a large 
number of countries, including Argentina, Australia, Bahrein, Belgium, 
Canada , Chile, Czechoslovakia, Federal Republic of Germany, Finland, 
France , Ireland, Israel, Italy, Hexico, The Netherlands, Non1By, 
Philippines, Poland, Saudi Arabia, South Africa, Spain, Sweden, 
Turkey, United States of America , Venezuela, Yugoslovia. 
Natamycin is a matter of interest to international bodles such as 
Codex Alimentarius, the International Dairy Federation (IDF) and to 
the European Economie Commission (EEC). 
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The EEC Scientific Committee for Food (1) came to the following 
conclusions. 
"1. Natamycin has a limited but important use in huntan medicine and is 
therefore not acceptable as food additive for general use in and on 
foodstuffs. 
2. lts use for the s urface treatment of the rindof whole pressed 
cheese (semi-hard) ripened under aerobic conditions for example 
Gouda and Edam, and on the casings of certain sausages requiring 
maturation befare marketing is acceptable, provided that: 
(i) the substance is applied only to the fi nal products; 
( ii) the residues of natamycin in food at the time of sale , 
expr essed in relation to the surface area of the casing or 
rind, do not exceed 1 mg/dm2 and that they will not be present 
at a depth greater than 5 mm. 
3. The use of natamycin on the casinga of these foods should he 
clearly indicated by suitable labelling. 
4 . The position s hould be reviewed if there is any significant 
increase in the range of therapeutic uses." 
The Directive 64/54/EEC of the Council of the European Communities (2) 
last amended by the Directive 84/261/EEC (3), lays down a list of 
preservatives which may be used for the proteetion of foodst uffs 
intended for hwnan consumption agains t deterioration caused by 
micro-organisms. In consequence of the apinion of the Scientific Gom-
ruittee the Permanent Representatives Committee has proposed to the 
Council of the European Committees to insert natamycin in this list as 
EEC no. E 235 for the surface treatment of the rinds of ~o~hole cheeses 
with a water content of not more t ha n 69% by maas of the non-fatty 
matter, other than soft cheeses, provided that the natamycin is not 
present in the cheese at a depth greater t han 5 mm and that at the 
time of sale to the ultimate consumer the residues of active natamycin 
do not exceed 1 mg/dm2. 
The Joint FAO/HHO Expert Committee on Food Additives (JECFA) eva-
luated natamycin (4) and concluded: 
"Ne~" information ~o1as available on the effects of breakdmm products 
and the development of mieroblal resis t ance to the antimycotic if it 
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i s used for food prese rvation. Hhile the Committee expressed general 
concern about the use of therapeutic agents in food, it agreed that 
the data on natamycin showed that probierus were unlikely to ari se from 
microbial resistance. 
It appears the r e fore that the usual objects to the use of therepeutic 
antiblotics in food s have little relevanee to na t amycin. 
Natamycine is used as a food additive to preve nt t he surface growth of 
moulds, which could in principle produce mycot oxins . This is an impor-
tant advantage and one regarcled by some experts as s uf ficie nt to off-
set any misgivings about the use of the rape utic antiblotics in food" . 
An acceptable daily intake of 0- 0.3 mg/kg body weight wa s alloca t ed . 
As its llth session the Codex Gomruittee on Food Additives accepted the 
conclusion of JECFA, classified natamycin as catego ry A(1) additive 
and endorsed it for cheese with a limit of 2 mg/kg in the r ind without 
plas tic coa ting and 500 mg/kg in the plas tic coating (5). Category 
A( 1) additives are those \o/ho have fully been cleared by JECFA . 
Metltods of analysis for the determina tion of natamycin on cheese are 
published based upon microbiological , s pectrometric, TLC and HPLC-UV 
de t ec tion (6-11). 
The behaviour of natamycin and its dete rmination has been thouroughly 
stuclied by the Netherlands State Institute for Quality Control of 
Ag ricultura l Products (RIKILT), in cooperation with the Netherlands 
Institute for Dairy Research (NIZO) and the Netherlands Inspeetion 
Ins titute for Milk and Hilk Produc t s ( ZCI ) (12,13). 
Two methods of analysis were developed, one based upon spectrometric 
( 14) and one upon HPLC detec tion (1 5). A series of national collabora-
tive studies have been carried out, which enhanced t he me tltods. These 
studies made clear , that the microbiological methad does not f it quan-
titative measurement s . The methad tested in this collaborative study 
is i n fact me rged from the spectrometric and the HPLC method. 
Inte rnationally, methods of determinat l on were discussed by the EEC 
l~orking Group Additives and by the J oint I DF/ISO/AOAC Group of Experts 
on Additives (E 43). Both groups fel t t he desirabil ity of a collabora-
tive study . 
- 4 -
- 4 ,_ 
In the United Kingdom, the Food Science Division of the Ministry of 
Agriculture, Fisherfes and Food ~~as also planning a collaborative 
study on a national level. It was concluded that one collaborative 
study ~wuld be preferable, to be organized by RIKILT. In 1983 as pilot 
collaborative study ~~as carried out , with 9 laboratorles in 4 
countries (16). On account of the results of this pilot study , minor 
alterations in the methad have been made. 
In the collaborative study , carried out in 1984 and reported here, 38 
collaborators from 13 countries were participating. 
The cheeses from which the samples were prepared were obtained from 
the Netherlands Institute for Dairy Research, ~o1hich has produced and 
stared the cheeses and treated them with natamycin-containing cheese 
coating. 
For calibration natamycin reference samples were kindly made available 
by Gist Brocades N.v. 
The study ~~as organized by RIKIL'f \dthout grants from national or 
international bodies. 
2. METHOD 
The methad under investigation in ~tis collaborative study consists of 
a sampling procedure, pretreatment of the Iabaratory sample , and 
detection by either spectrometric or HPLC-UV measurement. lolhen the 
natamycin concentratien is low, and its quantification is still 
required, a concentratien step has to be applied prior to measurement. 
The methad can be repres ented schematically as follows. 
Sampling 
Labaratory sample 
Pretreatment 
Clear salution 
~ Spectrometric Measurement 
Heasurement 
8547.4 
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HPLC-UV 
concentratien 
5x or 10x I 
Clear salution 
~ Spectrometric Measurement 
meas urement by 
HPLC-UV 
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This study concerns the determination and detection steps only. It 
does oot include the sampling procedure and the preparatien of the 
laboratory sample. These cao add a substantial contribution to the 
inaccuracy of the method, but are beyond the scope of this study . 
3. AIHS OF THE COLLABORATIVE TEST 
Two methods of rueasuring the amount of natamycin were tested: a 
spectrometric and an HPLC- UV method. As to these methods the following 
items had to be investigated . 
- The applicability of bath methods, for various concentration. 
- The reliability of bath methods, for various concentration levels, 
in terros of statistica! parameters. 
- Hhether or nat bath methods \>lill give corresponding results. 
- Hhether or nat false results ruay be obtained by interference of 
degradation products of natamycin . 
- The recovery of the method. 
4 • SA1-1PLES 
Each participant received eight samples, consisting of lyophilized 
cheese rind or cheese, packed in brown bottles under nitrogen . Each 
sample was about 15 grams, that is sufficient for one analysis. It was 
advised to store the samples in a refrigerator. 
The s amples were blind duplicates on four concentratien levels and 
dispatched under code numbers. Partielpants were not inforrued whether 
duplicates or split level samples were present . 
The samples have been prepared in Hay 1984 . 
The following materials were us ed for the preparatien of the samples. 
Level A = sample 1 and 4 
Cheese rind, high level = above EEC limit. 
Date of production cheese: 1984-04-10. 
Treated 4 times with cheese coating containing 0.005% natamycin in 
the period 1984-05-09 to 1984- 05-16. 
Level B sample 2 and 8 
Cheese rind, low level = about EEC limit. 
Date of production cheese: 1982- 07- 15 . 
Treated 3 times with cheese coating containing 0.0125% natamycin in 
the period 1982- 07-15 to 1982-08-31, and 2 times '"'ith 0 . 005% natamycin 
during 1983 . 
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Level C = sample 3 and 6 
Cheese, inner part, treated with natamycin. 
Level above detection limit. 
Level D = sample 5 a nd 7 
Cheese, inner part, treated with natamycin. 
Very low level. 
From earlier investigations it could be expected that level A and n 
could be determined by direct dete rmination withou t concentration, 
that level C had to be concentrated, and that level D was at or below 
the detection limit. 
Although no blank samples have been dispatched, the results for level 
D may give an impression of the appearance of false positive results. 
5. SA}WLF. PlillPARATION 
The main problem in getting samples was that neither the cheese as 
such nor natamycin on the rind is stable . In the Netherlands inter-
comparisoos it had already been found that no comparable r e sults are 
obtained when t ltere are differences in duration and condittons of 
storage before analysis . For a worldwide intercomparisou the samples 
have to be stablc under normal conditions. From prior investigations 
it turned out that in cheese rind, which is homogenized and lyoph~ 
lized and t hen packed in brown glass botties under nitrogen, natamycin 
is stable for a longer period . Such samples have been used succesfully 
in the pilot-inte rnational study . 
6. DEGRADATION PRODUCTS 
Natamycin degrades (17), under mild acid conditions, into a biologi-
cally inactive substance, called aponatamycin, a substance consisting 
of one natamycin- and one natamycinolide-ruoiety. 
In the case when natamycin is degraded under more drastic acid cir-
cumstances t he resulting, biologically inactive substances are mycosa-
mine , the natamycinolidediol-dimer and its decarboxyanhydro- analogue . 
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The reactions are given below: 
'yo'(o 
HO,...~OH 
HHr 
natamycin 
HO 
'yo'(o 
HO,...~OH 
HH1 
natamycin 
+ 2H2o ---> 
+ 2H2o ---> 
----> 
OH 
di-natamycinolidediol 
8 54 7 • 7 
HO 
HO 
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+ 
aponatamycin mycosamin 
+ 2 
di-natamycinolidediol mycosamin 
+ 2Hz0 + 2COz 
decarboxyanhydro-analogue 
of di-natamycinolidediol 
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In case of measurements by HPLC, degradation products turned out to 
have a shorter retention time, so that two separate peaks are 
obtained. The spectrometric method is less specific, and degradation 
products may seemingly enhance the results for natamycin. 
One aim of this study was to test '"hether this occurs in practice 
when the described method is applied. If so , the spec trometric results 
\dll be higher than the HPLC results • This will be t he case par-1 
ticularly for older cheeses where more degradation products can be 
expected. Therefore, one of the levels, namely level B = sample 2 and 
8, was prepared from an extremely old cheese , treated with natamycin 
throughout two yearso Especially for this level remarkable difference 
between the two methods has been observed. 
7. HONOGENEITY TESTS 
Natamycin content of 5 lots of each sample , as dispatched to the par-
tleipants (mg/kg). 
Sample A 61.7 
65.3 
60.0 
61.2 
59.3 
Sample B 14.5 
15.2 
14.3 
14.5 
14.5 
Sample C (5x conc.) 
1.5 
1.8 
1.3 
1.8 
1.5 
8547.8 
mean: 61.4 
mean: 14.6 
mean: 1.52 
s.d.: 2.22 CV: 3.6% 
s.d. : 0.35 CV: 2.4% 
s.d. : 0.28 CV: 17.8% 
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Sample D (10x conc.) 
0.35 
0.43 
0.47 
0.42 
0.41 
8. RECOVERY TESTS 
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s.d.: 0.04 CV: 9.5% 
For determination of the recovery, the partielpants were asked to ana-
lyse two other samples , prepared by themselves, as follows. 
Cut a piece of rind to a thickness of about 5 mm from a half-hard type 
of dornestic cheese. 
Grind the rind, and homogenize. 
Weigh 10 g of the ground rind into a 200 ml conical flask, according to 
paragraph 6.1. Dissolve 100 mg of the natamycin reference sample 
(91.6% natamycin) in 50 ml of methanol. 
Dilute 1:10 with methanol. Add 1 ml of this salution to the content of 
the conical flask. Continue the procedure starting at paragraph 6.1. 
The concentratien in the sample is thus 0.916 x 20 = 18.32 rog/kg. 
9. RESULTS 
The results of the partleipants as reported are collected in Tables 1 
and 2: 
1.1 Direct determination, spectrometric detection 
1.2 Direct determination, HPLC detection 
2.1 After concentration, spectrometric detection 
2.2 After concentration, HPLC detection. 
The reeoverles of the spectrometric and HPLC detection are reported in 
Tables 3.1 and 3.2. 
In these tables the concentratien in mg/kg only is given. According to 
the method also the amount of natamycin in mg/dm2 can be calculated , 
taking into account the surface (Y) and the mass (X) of the laboratory 
sample. As the partleipants did not make this laboratory sample them-
selves, these values were given in the protocol, namely, 
X = 15 g, Y = 25 cm2 , so that 
C'(mg/dm2) = 0.1 x 15 C = 0.06 C (mg/kg). 
25 
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The results obtained were sent in a provisional form to all par-
tleipants to check the correctness of the data. In some cases, ~o1here 
obviously something seemed to he ~.,rong, the institute in question ~o1as 
contacted. It tun1ed out that a number of ins ti tut es had not 
corrected for the standard natamycin, being 91.6%, without reporting 
that. After a questionnaire some partleipants corrected their results 
afterwards. The data in this report have been corrected ~vhere nec-
cessary. As the method ~o1as not carried out as described the following 
laboratorles have not been included in the evaluation of this colla-
borative study : 
Spectrometric : 8, 22 (after concentration only) 
H PL C: 11 , 15, 21 , 30, 4 3 • 
Deviations consisted of use of other HPLC column, mobile phase or flow 
rate, deviations in pretreatment, results of a second experiment ~o1ith 
less sample. In the tables 1.1 to 2.2 the results of the laboratorles 
are inserted in parentheses. 
As examples of primary data in figures 1-4 some results are given: 
Figure 1. Spectrometric detection. UV spectra of standard solutions. 
Figure 2. Spectrometrtc detection. UV spectra of samples. 
Figure J. llPLC detection. Chromatograms of standard solutions. 
Figure 4. HPLC detection. Chromatograms of samples. 
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10. EVALUATION OF RESULTS 
The results of laboratorles which applied the method as described have 
been statistically evaluated according to ISO 5725 . According to this 
standard , Cochran ' s maximum va rianee t est is used to test the preci-
sion under repeatibility conditloos in t he laboratories , and Dixon ' s 
outlier test , to test t he precision be tween laboratories . Outlie rs 
were rejected, stragglers we re kept in . 
Values reported as "non detec table " we re also considered to be 
outliers , and not included in the calculations of results . The 
outliers are labell e d in Tables 1 . 1 to 2 . 2 with an asterisk*· 
As \-Tas expected , levels A a nd B could be determined ,.,i thout con-
centration, but level C could hardly be and l evel D not at all be 
dete rmined without preconcentration. The refore only the direct 
de t erminations for l evels A and B, and the dete rminat ions after con-
centration for levels C and D were evaluated, a nd reported in Table 4 . 
In this t a ble the following values are also included. 
n = number of evaluated l a boratorles 
x total mean value = mean of the meao value 
s- = standard de viation of t he meao values 
x 
s~ standard deviat ion of the tota l mean value 
S -
s = x 
X 
dif fe rence betwee n s pectrometric and HPLC method . 
standard deviat ion of the difference . 
t = t t es t t 
Só 
The results are s ummarized in Ta ble S . 
Applying the ! t es t for r andom samples on the spectrometric and the 
HPLC res ults turns out that there i s no significant difference in the 
r es ults of both methods on all f our leve ls invest i gated; t < 1 . 96 in 
all cases . It could be expected that in t he spect rometri c me thad 
degradat ion products would contribute in the measuring s i gnal, thus 
8547 . 13 - 14 -
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giving rise to significant higher values. Especially for level B 
(samples made from very old cheese, thus a high level of degradation 
products expected) this could be the case. But obviously such on 
interterenee does not occur; the spectrometric method gives not too 
high values. 
The repeatability and the reproducibility of the spectrometric method 
is better than those of the HPLC method for levels A and n. For levels 
C they are comparible, and for level D the HPLC is the better one. 
11. COHNENTS OF THE PARTICIPANTS 
Host of the comments of the partielpants were concentrated on the 
following items (see Annex 2). 
1. Turbid extracts in 6.4. 
Reply: To obtain a clear filtrate will become harder , when the suspen-
sion is wan1ed up. Filtratien has to be carried out rapidly when the 
suspension is still cold. 
2. Degradation products in the measuring solution. 
Reply: Natamycin is unstable in a HeOH/H20 solution. You have there-
fore to proceed as rapidly as possible. 
3. HeOH/H20 in 8.6 + 8.7.1 (spectrometric) and HeOH in 8.6 + 8.8.1 
(HPLC). Some par tielpants suggest to use ~1eOH in both cases, others, 
to use MeOH/H20 in both cases. 
Reply: In case of spectrometric determination it is advantageous to 
reduce the amount of interfering substances by precipitation with 
water and filtratlon. In case of HPLC, interference is overcome by 
chromatographic separation, so there is no need for an extra purifica-
tion step. 
4. Difficulties with HPLC. 
Some partielpants report big problems with the prescribed column and 
mobile phase. Others, however, did not have any problem at all. 
5. Spectrometric calculation. 
Some partleipants calculated their results in 7.1.1.2 using the 
absorptions at exact 317 and 311 nm although their maximum and minimum 
were slightly besides these values. 
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In the Joiunt IDF/ISO/AOAC Group of Experts ~o~a s refen-ed to t he dif-
ficulties encountered due to interference fr om paprika and pepper in 
the analysis of fresh cheeses . The occurre nce of this phenomenon will 
he obvious from t he complete s pec trum, ~o~hich is altered, but cao give 
rise to misinterpretation when the three relevant wavelengths only are 
measure d. 
Concerning these comments some remarks have been made in the prescrip-
tion of the method, to prevent lack of clearness . 
In case of s pectrometric de t ermination measurement of the complete 
spectrum has been made obligatory. 
No further essential alterations in the method have been introduced. 
12 . CONCLUSIONS 
1. The "t rue values " 
Leve l A 61.7 mg/kg 
Level B 15 ·'• 
Level c 1.31 
Leve l D 0.30 
of the samples can be estimated to be : 
3 .71 mg/dm2 
0.92 
0.08 
0.018 
~o~ere these figures are the arithmetric means of t he mean values of the 
spect rometric and the HPLC detection. 
2. Hore collaborators \o/ere able to car r y out the s pectrome tric deter-
mination t han the HPLC. Horeover more diff icul ties were reported fo r 
the HPLC de termination. 
So it seems that the spectromet ric determination is more r i gid a nd 
straight fo rwa rd , and eas i e r to carry out than the HPLC determination . 
3. At level A na t amycin can be determined directly by both methods. 
Howe ver, for the spectrometric method the coefficients of variation, 
CVr and CVR, are l ess tha n half of those fo r t he HPLC method. 
There i s no need to apply t he concentratlon step fo r this leve l. 
4. Level B can he measured directly by both methods too . The \olithin-
l a boratories coefficient of variation (CVr) is about the same , but 
the among- laboratories coefficient of varlation (CVR) of the IIPLC i s 
twice that of spectrometric . 
For this l evel too, concentration is unneccessary. 
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5. About one third of the laboratorles were not able to determine 
level C by direct determination (spectrometric: 11 out of 37 , HPLC: 13 
out of 32). After concentration all partleipants could obtain 
measurable results. CVr is slightly better for the spectrometric 
detection, CVR is comparable. 
6. Level D cannot be measured directly by spectrometric or HPLC detec-
tion: "Not detectable" by 28 out of 37 and 17 out of 29 laboratories. 
After concentration for speetrometry 7 out of 27 and for HPLC 1 out of 
24 laboratorles did not report measurable results. For the remaining 
results the coefficients of varlation for HPLC is better (or: less 
bad) than for spectrometry. 
7. To judge the applicability of the method we can apply, arbitrarily, 
the following classification. 
CVR 0-15% 
CVR 16-30% 
CVR 31-45% 
CVR >45% 
good 
reasonable 
bad 
not detectable. 
Thus, the results obtained by this collaborative study are as follows. 
(See table 6.) 
Level A B c D 
mg/kg 60 15 1.7 0.3 
mg/dm2 3.8 0.9 0.1 0.02 
Spectrometric direct good good not at all not at all 
Spectrometric 
after concentration no need no need bad not 
HPLC direet reasonable reasonable not at all not at all 
HPLC after 
concent ration no need no need bad bad 
8. The recovery at level 20 mg/kg is approximately 100%. 
9. The results of the spectrometric and the HPLC method are not signi-
ficant different. A contribution of degradation products of natamycin 
in the results of the spectrometric method is not observed. 
8547.16 - 17 -
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13. EEC OFFICIAL ~ffiTHOD 
Based upon the results of this collaborative study the EEC ad hoc 
'"orking group on natamycin adopted a method '"hich consists of two 
parts, i.e. 
- spectrometric without concentration for the determination of natamy-
cin in the cheese rind, i.e. the outer 5 mm layer of the cheese, to 
be expressed in mg/dm2; 
- HPLC after 10x concentration for the determination of natamycin in 
the inner part of the cheese, to be expressed in mg/kg. 
This method shall be presented to the Council as official method to an 
EEC Directive on natamycin (18). 
14. IDF AND ISO STANDARD HETHOD 
The method is adopted by the Joint IDF/ISO/AOAC Group of Experts E 43 
"Selected Food Additives" to eventually become both an IDF and an ISO 
Standard Method (19). 
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Annex 1 
Table 1.1 RESULTS, direct determination, spectrometric (mg/kg) 
LAB Level A 
sample 1 4 
1 63.20 59.40 
5 61.99 55.88 
6 61.37 56.79 
8 
-
(31.70) 
9 62.10 60.90 
11 59.40 60.20 
12 64.36 65.42 
14 66.79 64.21 
15 63.03 69.10 
16 59.45 ll4 .4 7 
17 57.08 47.46 
18 70.60 65.20 
19 63.90 56.47 
20 75.90 67.10 
21 59.53 57.13 
22 62.30 61.20 
23 74.70 78.20 
24 67.14 66.59 
26 63.80 63.80 
27 73.50 70.80 
29 61.90 57.40 
30 60.66 56.56 
31 54.06 51.34 
32 47.50 40.50 
33 73.50 63.90 
34 68.25 63.112 
35 75.90 70.70 
37 M. 83 62.50 
38 62.82 63.47 
39 65.81 67.67 
40 65.50 61.10 
41 68.93 66.37 
43 65.95 59.55 
44 66.58 60.72 
45 44.00 43.17 
47 65.49 67.44 
48 67.12 65.12 
nd = not eletectable 
missing 
Level B 
2 8 
16.00 13.20 
14.75 12.85 
14.01 13.83 
(3.30) (20.28) 
16.50 15.90 
15.90 16.00 
15.29 14.02 
17.30 16.93 
17.10 19.20 
14.52 14.12 
12.82 13.83 
15.90 16.80 
18.80 17.75 
18.70 15.50 
14.63 14.61 
13.60 13.20 
16.30 16.30 
13.92 15.85 
12.80 15.00 
14.80 15.70 
14.90 15.30 
15.40 14.53 
10.68 12.15 
18.10* 10.10* 
15.60 15.80 
16.85 18.26 
17.60 16 •'•O 
14.50 14.66 
15.63 15.27 
15.68 15.06 
17.00 16.20 
14.21 15.37 
14.65 16.50 
14.45 16.12 
10.67 9.50 
15.81 13.60 
15.67 15.30 
( ) = method not carried out as described 
* = outlier 
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Level c Level 
3 6 5 
0.80 0.40 nd 
nd nd nd 
1.01 1.19 nd 
(0.25) - -
1.50 1.35 nd 
1.17 1.17 nd 
nd 0.85 nd 
nd nd nd 
nd nd nd 
2.37 nd nd 
nd nd nd 
nd nd nd 
1.60 1. 71 1.30 
2.90 2.60 nd 
nd nd nd 
0.76 nd nd 
1.60 1.90 0.50 
1.29 1.00 nd 
1.10 0.90 nd 
0.40 0.90 nd 
2.90 3.00 1.70 
0.84 1.25 nd 
2.10 2.30 8.38 
nd nd nd 
1.30 0.80 nd 
0.63 0.63 0.39 
nd 1.20 nd 
1.66 1.66 nd 
nd nd nd 
1.23 nd nd 
0.70 nd nd 
nd nd nd 
2.80 2.70 nel 
0.62 1.47 nel 
0.22 nd nd 
nd nd nel 
nel nd nd 
D 
7 
nd 
nd 
nd 
(0.58) 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
0.40 
nd 
nd 
nd 
0.50 
nd 
nd 
nel 
nd 
nd 
0.42 
nd 
nd 
0.38 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
Table 1.2 RESULTS, direct determination, IIPLC (mg/kg) 
LAB Level A Level B 
sample 1 4 2 8 
1 58.74 53.43 14.69 12.15 
4 63.00 60.20 15.10 15.60 
5 52.58 49.83 15.66 12.63 
6 58.62 5'•·04 15.57 14.56 
9 62.43 61.66 16.57 13.88 
11 (61.20) (61.80) (16.20) (15.90) 
12 63.76 68.04 17.10 17.66 
15 (67.50) (71.20) (16.80) (17.30) 
16 54.37 31.04 13.54 13.14 
17 54.96 35.04 7.56 14.29* 
18 69.40 67.00 17.80 16.'•0 
19 85.10* 17.09,'< 25.90* 12.55* 
20 77.60 85.00 18.00 19.80 
21 (52 .05) (54.02) (14.73) (14.49) 
22 39.80 34.20 nd* nd* 
23 63.80 63.60 14.10 14.70 
24 62.56 67.42 14.38 14.38 
26 56.50 57.80 10.50 12.20 
27 64.58 50.70 13.95 13.95 
30 (45.30) (43.10) (11.90) (10.00) 
32 54.30 49.20 15.70 13.80 
33 81.70 69.60 17.20 18.50 
35 68.60 61.90 9.90 9.64 
37 66.33 60.33 12.17 12.50 
38 53.15 53.52 13.50 13.38 
39 64.84 65 . 87 15.77 14.87 
40 87.00 92.00 23.00 25.00 
41 68.70 66.64 8.11 9.25 
43 (64.10) (59.55 ) (18.30) (17.40) 
45 42.67 42.33 13. 50* 4.73* 
47 65.10 69.00 23.00 23.60 
48 71.00 66.20 21.10 24.40 
nd = not detectable 
( ) = methad not carried out as described 
* = outlier 
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Level c 
3 6 
1.85 nd 
nd nd 
nd nd 
1.65 2.47 
1.93 2.31 
(1.70) (1. 90) 
1. 77 1. 93 
(2.00) (2.00) 
nd nd 
nd nd 
2.60 1.90 
3.13 2.43 
1.80 2.50 
(nd) (nd) 
nd nd 
1.80 1.80 
nd nel 
nd nd 
2.06 2.79 
(1.10) (1.20) 
nd nd 
nd nd 
nd 1.00 
1.33 1.33 
1.50 1.04 
2.63 2.32 
8.00 nd 
nd nd 
(2.75) (2.75) 
nd 2.00 
nel nd 
nd nd 
Level D 
5 7 
nd nd 
nd nd 
nd nd 
nd nd 
o. 77 0.58 
(0.80) (0,50) 
0.48 0.46 
(nd) (nd) 
nd nd 
nel nd 
0.60 0.50 
1.90 0.14 
nd nd 
(nd) (nel) 
nd nd 
nd nd 
nd nd 
nd nd 
nd nel 
(nd) (nel) 
nd nd 
nd nd 
nd nel 
0.33 0.33 
0.15 0.15 
1.18 1.20 
nel nd 
nel nd 
(0.90) (nd) 
nd nd 
nd nd 
nd nd 
Table 2.1 RESULTS , after ooncentration, spectranetric (oWkg) 
LAB Level B 
conc. sample 
2 
1 
- -
5 
- -
6 
- -
9 
- -
12 
- -
16 
- -
17 5 10.60 
18 
- -
19 
- -
20 
- -
21 5 11.88 
22 10 (12.90) 
23 
- -
24 
- -
26 
- -
27 
- -
30 - -
31 - -
32 
- -
33 
- -
35 
- -
37 
- -
38 
- -
39 
- -
40 5 35.20 
41 
- -
43 
- -
44 5 12.ll4 
45 
- -
47 
- -
48 
- -
nd = oot detectable 
- = missing 
conc. 
-
-
-
-
-
-
-
-
-
-
5 
10 
-
-
-
-
-
-
-
-
-
-
5 
-
5 
-
-
5 
10 
-
-
sample 
8 
-
-
-
-
-
-
-
-
-
-
5.31 
(12.90) 
-
-
-
-
-
-
-
-
-
-
13.39 
-
54.10 
-
-
5.73 
6.50 
-
-
( )= method oot carried out as described 
* = outlier 
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Level C 
conc. sample conc. 
3 
10 1.26 10 
10 0.84 5 
10 0.92 10 
5 1.32 5 
10 0.87 10 
5 1.09 10 
5 1.07 10 
10 1.50 10 
- -
5 
- - -
10 0.61 10 
10 (0.74) 10 
10 1.20 10 
5 1.58 10 
10 0.60 10 
10 1.17 10 
10 1.04 10 
10 4.35* -
10 1.50 10 
5 1.60 5 
10 1.26 10 
5 1.67 5 
10 1.01 10 
5 1.82 5 
10 13.70* 10 
10 1.43 10 
- - 10 
10 0.55 10 
- - 10 
5.6 1.19 5.6 
5.5 1.34 5.5 
LevelD 
sample conc. sample conc. sample 
6 5 7 
1.18 10 0.14 10 0.18 
1.37 10 ro 10 0.26 
1.10 10 0.18 10 0.27 
1.56 10 0.31 10 0.30 
0.94 10 0.21 10 0.25 
0.85 10 0.24 10 0.37 
1.21 10 0.42 10 0.05 
1.10 10 ro* 10 ro* 
1.82 5 0.52 5 0.38 
-
10 ro* 10 ro* 
ro 10 ro* 10 ro* 
(0.85) 10 (0.21) 10 (0.14) 
1.50 10 0.30 5 0.30 
1.25 5 0.16 5 0.28 
0.30 10 ro* 10 ro* 
0.66 10 0.09 10 ro 
1.15 5 0.16 10 0.15 
-* - - 10 0.64 
1.42 10 0.28 10 ro 
1.60 5 0.70 5 0.50 
1.64 10 0.38 10 0.41 
1.83 10 0.33 10 0.33 
0.88 10 rot: 10 ni* 
1.78 10 0.30 10 0.30 
6.70* 10 2.40* 10 ni* 
1.23 10 0.16 10 0.50 
2.00 - - - -
0.73 10 ni,., 10 ni,., 
0.75 10 0.17 10 0.10 
1.29 5.6 ni* 5.6 m* 
1.18 5.5 ni* 5.5 m* 
Table 2.2 RESIJLTS, after concentratlon, HPLC (uWkg) 
LAB Lével B 
conc. sample 
2 
1 
- -
4 
- -
5 
- -
6 
- -
9 
- -
12 
- -
16 
- -
17 5 7.42 
18 
- -
20 
- -
21 5 (9.97) 
22 10 11.60 
23 
- -
24 
- -
26 
- -
27 
- -
30 
- -
32 - -
33 
- -
35 
- -
37 
- -
38 
- -
39 - -
41 
- -
43 13 (11.00) 
45 
- -
47 
- -
48 
nd = not detectabl e 
- = missing 
conc. 
I -
I -
I -
-
-
-
-
-
-
-
5 
10 
-
-
-
-
-
-
-
-
-
-
-
-
-
10 
-
sample 
8 
- I 
- I 
- I 
-
-
-
-
-
-
-
(5.59) 
11.70 
-
-
-
-
-
-
-
-
-
-
-
-
-
8.27 
-
( )= method oot carried out as described 
* = ootlier 
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·r.evel C 
conc. sample conc. 
3• 
10 1.26 I 10 10 1.10 10 
10 0.92 5 
10 0.92 10 
5 1.00 5 
5 1.31 5 
5 0.79 10 
5 1.13 10 
- -
5 
- - -
10 (0.63) 10 
- - -
10 1.10 10 
5 1.46 5 
10 1.10 10 
10 1.26 10 
10 (2.80) 10 
10 2.90 10 
5 1.60 5 
10 1.21 10 
5 1.67 5 
10 1.35 10 
5 2.15 5 
10 0.94 10 
17 (2.00) 4 
10 0.88 10 
5.5 2.10 5.5 
5.5 2.00 5.5 
LevelD 
sample conc. sample conc. sample 
6 5 7 
1.15 10 0.35 I 10 0.26 1.30 10 rrl* 10 rrl* 
1.46 10 0.24 10 0.32 
1.37 10 0.22 10 0.23 
1.08 10 0.31 10 0. 31 
1.48 10 0.32 10 0.23 
0.82 10 0.27 10 0.24 
2.12 10 0.36 10 0.17 
1.50 5 0.50 5 0.40 
-
10 0.30 10 0.50 
(0.29) 10 (0.12) 10 (0. 17) 
- - - - -
1.30 10 0.40 5 0.40 
1.77 10 0.31 10 0.38 
0.22 10 rrl* 10 rrl* 
0.73 10 0.29 10 0.18 
(2.00) 10 (0.50) 10 (rrl) 
2.30 10 1.00* 10 0.90* 
1.70 5 0.70 5 0.40 
1.45 10 0.36 10 0.38 
1.83 10 0.33 10 0.33 
0.90 10 0.15 10 nl 
2.12 10 0.42 10 0.43 
1.28 10 0.18 10 0.43 
(2.00) 17 (0.50) - -
2.02 10 1.45* 10 rrl* 
2.00 5.5 0.70 5.5 0.40 
2.30 5.5 0.40 5.5 0.50 
Table 3.1 RECOVERY spectrometric 
LAB added found found recovery recovery mean diff. 
mg/kg mg/kg mg/kg % % % % 
1 40.00 42.20 1 38.2o 105.50 I 95.50 I 100.50 10.00 I 
4 
- - - - - - -
5 20.00 18.40 
-
92.00 - 92.00 -
6 20.00 15.50 16.20 77.50 81.00 79.25 3.50 
9 20.00 19.50 20.30 97.50 101.50 I 99.50 I 4.00 I 
11 18.30 13.00 - 71.04 - 71.04 - I 
12 20.00 17.20 17.42 86.00 87.10 86.55 1.10 
14 20.00 19.51 19.36 97.55 96.80 97.18 0.75 
15 20.00 18.90 17.80 9'•· 50 89.00 91.75 5.50 
16 
- - - - -
- -
17 20.00 21.00 21.80 105.00 109.00 107.00 4.00 
18 20.00 19.20 19.40 96.00 97.00 96.50 1.00 
19 20.00 17.50 17.00 87.50 85.00 86.25 2.50 
20 20.60 19.50 - 94.66 - 94.66 -
21 18.32 17.67 17.83 96.45 97.33 96.89 0.87 
22 18.00 12.8'• 13.20 71.33 73.33 72.33 2.00 
23 19.45 19.80 18.70 101.80 96.14 98.97 5.66 
24 19.83 17.90 18.70 90.28 94.31 92.29 4.03 
26 20.00 18.70 18.00 93.50 90.00 91.75 3.50 
27 19.57 19.00 19.60 97.09 100.15 98.62 3.07 
29 20.00 17.10 - 85.50 - 85.50 -
30 19.02 19.42 - 102.10 - 102.10 -
31 20.00 19.28 17.60 96.40 88.00 92.20 8.40 
32 18.30 13.00 - 71.04 - 71.04 -
33 18.40 15.60 - 84.78 - 84.78 - I 
34 20.00 12.47 13.24 62.35 66.20 64.28 3.85 
35 20.00 16.40 17.60 82.00 88.00 85.00 6.00 
37 21.35 20.27 19.87 94.94 93.07 94.00 1.87 
38 20.07 18.52 - 92.28 - 92.28 -
39 18.32 17.54 17.74 95.74 96.83 96.29 1.09 
40 20.00 20.50 19.10 102.50 95.50 99.00 7.00 
41 20.00 27.!16 25.68 137.30 128.40 132.85 8.90 
43 19.70 21.00 
-
106.60 - 106.60 -
45 20.21 15.66 26.00 77.85 129. 26 103.56 51.40 
47 18.47 18.55 - 100.43 - 1 00.'~3 -
48 20.00 19.83 
-
99.15 - 99.15 -
- = missing 
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Table 3.2 RECOVERY HPLC 
LAB added found found recovery recovery mean diff. 
mg/kg mg/kg mg/kg % % % % 
1 40.00 I 39.41 1 30.42 1 98.53 I 76.05 I 87.29 1 22.48 I 
4 50.00 51.00 45.10 1 102.00 I 91.40 I 96. 7o I 1o.6o I 
5 20.00 18.30 
-
91.50 
-
91. 5o 1 - I 
6 20.00 19.10 19.10 95.50 95.50 95.50 o.oo 
9 20.00 20.80 20.40 104.00 102.00 103.00 2.00 
11 (18.30) (19.50) - (106.56) - (106.56 -
12 20.00 18.55 18.76 92.75 93.80 93.28 1.05 
14 
- - - - -
- -
15 (20.00) '' (16.60, (17.20) (83.00) (86.00) (84. 50; (3.00 
16 20.00 19. 09 19.31 95.45 96.55 96.00 1.10 
17 20.00 22.00 17.55 110.00 87.75 98.88 22.25 
18 20.00 20.50 20.70 102.50 103.50 103.00 1.00 
19 20.00 20.87 19.31 104.35 96.55 100.45 7.80 
20 20.60 23.00 - 111.65 - 111.65 -
21 ( 18.32) (14.21) (15.69) (77.57) (85.64) (81.60) (8.08 
22 18.00 15.20 14.40 8'•· 40 80.00 82.22 4.44 
23 
- - - - -
- -
24 19.83 15.90 20.10 80.19 101.37 90.78 21. 18 
26 20.00 20.30 9.40 101.50 47.00 74.25 5L •• 5o 
27 19.57 14.97 16.88 76.49 86.25 81.37 9. 76 
29 
- - - - - - -
30 
- - - -
- - -
31 
- - - - - -
-
32 18.30 17.40 - 95.08 - 95.08 -
33 18.40 16.00 
-
86.96 - 86.96 -
34 
- - - - - - -
35 20.00 14.60 12.40 73.00 62.00 67.50 11.00 
37 
- - - - -
- -
38 20.07 17.84 - 88.89 - 88.89 -
39 18. 32 19.05 19.02 103.99 103.82 103.90 0.16 
40 20.00 24.00 20.00 120.00 100.00 110.00 20.00 
41 20.00 16.30 15.80 81 .50 79.00 80.25 2.50 
43 (19.70) (24.00) - (121.83) - (121.83 -
45 20.12 14.00 26.50 69.60 131.74 100.67 62.14 
47 18.ll7 16.1-10 
-
88.79 - 88.79 -
48 20.00 18.90 - 9'•· 50 - 94.50 -
- = miss ing 
( ) = methad not carried out as described 
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Table 4 Mean values of results A and 8 direc t , C and D after concentratien 
LAB A direct B direct C after D 8fter 
concentra ti on concent ration 
spec. HPLC spec. HPLC spec. HPLC spec. HPLC 
1 61.30 56.09 14.60 13 ·'•2 1.22 1.21 0.16 o.31 
4 
-
61.60 
-
15.35 
-
1.20 - -
5 58.94 51.21 13.80 14.15 1.11 1.19 0.13b 0.28 
6 59.08 56.33 13.92 15.07 1.01 1.15 0.23 0.23 
9 61.50 62.05 16.20 15.23 1.44 1.04 0.31 0.31 
11 59.80 
-
15.95* 
- - - - -
12 64.89 65.90 14.66 17 . 38 0.91 1.40 1 o.23 0.28 
14 65.50 - 11. 12 - - - 1- - I 
15 66.07 - 18. 15 - - - I - - I 
16 51.96 42.71 14.32 13.34 0.97 0.81 0.31 0.26 
17 52.27 45.00 13.32 - 1. 14 1.63 0.24 0.27 
18 67.90 68.20 16.35 17.10 1.30 1.508 - 0.45 
19 60.19 - 18.28 - 1.828 - 0.45 -
20 71.50 81.30 17.10 18.90 - - - 0.40 
21 58.33 - 14.62 - 0.31b - - -
22 61.75 37.00 13.40 - - ·~ - -
23 76.ll5 63.70 16.30 14.40 1.35 1.20 0.30 0.40 
24 66.87 64.99 14.89 14.38 1.42 1.62 0.22 0.35 
26 63.80 57.15 13.90 11.35 0.45 0.66 - -
27 72.15 57.64 15.25 13.95 0.92 1.00 o.o5b 0.24 
29 59.65 - 15.10 - - - - -
30 58.61 - 14.93 - 1.10 - 0.16 -
31 52.70 - 11.42 - - - 0.648 -
32 44.00 51.75 - 14.75 1.46 2.60 o.14b -
33 68.70 75.65 15.70 17.85 1.60 1.65 0.60 0.55 
34 65.84 - 17.56 - - - - -
35 73.30 65.25 17.00 9. 77 1.45 1.33 0.40 0.37 
37 63.67 63.33 14.58 12.34 1. 75 1.75 0.33 0.33 
38 63.15 53.34 15.45 13·'•4 0.95 1.13 - o.o8b 
39 66.74 65.36 15.37 15.32 1.80 2.14 0.30 -
40 63.30 89.50 16.60 24.00 - - - 0.43 
41 61.65 67.67 14.79 8.68 1.33 1.11 0.33 0.31 
43 62.75 15.58 2.008 - - -
44 63.65 - 15.29 - 0.64 - - -
45 43.59 42.50 10.09 - 0.758 1.45 0.14 -
47 66.47 67.05 14.71 23.30 1.24 2.05 - 0.55 
48 66.12 68.60 15.49 22.75 1.26 2.15 - 0.45 
n 36 26 35 23 27 23 20 20 
x 62.50 60.80 15.19 15.49 1.21 1.43 0.28 0.34 
sx 7. 14 11.90 1.68 3.91 0.41 0.47 0.15 0.11 
sx 1.19 2.33 0.28 0.82 0.079 0.098 0.034 0.025 
1.70 - 0.293 - 0 , 222 -o , 059 
s 2.62 0.86 0.125 0.042 
t 0.65 - 0.34 -1.77 - 1.'•0 
a = duplic8te omitted 
b = duplicate not detect8ble 
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Table 5 Results of natamycln deten1unations in collaborative study 1984 
Level A LevelB Level c Level D 
direct direct after concentratien after concentratien 
spectr. HPLC Sign. spectr. HPLC Sign. spectr. HPLC Sign. spectr. HPLC Sign. 
diff. diff. . . diff. . . diff • 
Nl.lilher of 
partielpants 36 27 36 27 29 23 29 24 
Nl.lilher of 
outHers 0 1 1 4 2 0 9 4 
% outHers 0 4 3 15 7 0 31 17 
Results in mg/dm2 
x 1) 3.75 3.65 rX> 0.91 0.93 ro 0.071 0.085 ro 0.016 0.020 ro 
r 0.61 0.96 ? 0.16 0.19 ro o.o3l• 0.057 yes 0.019 0.017 ro 
2.83 slab 1.13 1.90 yes 0.26 0.65 yes 0.062 0.070 ro 0,019 0,016 ro 
R 1.29 2.13 0.31 0.68 0.070 0.089 0.028 0,023 
Results in rrg/kg 
x 1) 62.5 60.8 ro 15.2 15.5 ro 1.19 1.43 ro 0.27 0.34 ro 
r 10.'• 16.0 ? 2.7 3.1 ro 0.56 0.95 yes 0.32 0.28 ro 
2.83 slab 18.8 31.7 yes 4.4 10.8 yes 1.03 1.16 ro 0.32 0.25 ro 
R 21.5 35.5 5.1 11.3 1.17 1.49 0.46 0.38 
Coefficients of varlation 
CVr% 5.9 9.3 I I 6.2 7.1 16.5 23.4 42.5 29 
CVl% 10.6 18.4 10.2 24.7 31 29 42.6 26 
CVR % 12.2 20.6 11.9 25.7 35 37 60 39 
1) ,.;eight value 
8547.26 
Annex 2 
Remarks of participante 
~e remarked a rather rapid degradation of natamycin, when 
dissolved in methanol-water, as it is the case for sample ex-
tracts (without concentration step) and diluted standard 
solutions. 
When performing the recovery experiments with local untreated 
cheese, we noted decreasing peak heights for added natamycin 
in the course of the day, while simultaneously a peak of a 
degradation product emerged (retention time of natamycin : 
10,2 min, of degradation product : 8,2 min) 
We therefore tried to inject sample extracts as rapidly as 
possible after preparation. 
For samples, which had to be concentrated before final 
determination, you proposed to fill up the eluate from the 
Sepak cartridge to 5 ml with methanol. We would prefer t:o 
fill up with water and to filter the solution, befere 
injecting into the HPLC, in order to reduce the amount of 
substances which decrease column life. 
1. Notice should be given at the beginning of the determination procedure 
that all the process should be carried out as much as possible light-shaded 
since natamycin is particularly unstable against light. 
2. Natamycin concentratien in HPLC had better be expressed not as ng/20ml 
but as pg/rnl . (ppm). In this case, the calculation formula of natamycin 
concentratien in cheese (mg/kg) shou~d ba cha?9ed from C = 0.75 x B to C (mg/kg) 
, = 15 x B' (pg/ml). · 
4. Recovery tests should be carried out at lower spikage levels, too (e.g . 
5.0 and 1.0 mg/kg) . 
5. Explanatory notes had better be given for calculation formulae. 
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1. As~ in the first study our columns have other dimension~, 
: analytical column: 120 m:: x 4,6 mm i .d., an d g u ar d column: 100 
mm x 3 mm i.d. 
2. The results for t h e 
drawing of the li n e 
absorption at 32S nw. 
sp ec~~ophotom e~ric procedure are b ased on 
frc ::-. t h e absorp"t ion at 311 nm to the 
3. Gener a lly we use tv.'O inj€ctions . in the HPLC, when th e calcu-
lation i s based on an ex~ernal stanèa::'d, so in this study we 
have also us e d two injections pro sample . 
4. The final solutions of sample no. 1 and sample no. 4 are 
diluted 10x to k eep the attenuation of the recorder fixed at 
0,00 5 , and to be within the range of the standard curve. 
5. One of the samples, no. 3 is measured at the spectrofotometer 
'after both 5x and 10x concentration. In the evaluation of the 
study You have to use the result after 10x concentratien 
becau se gen e rally the high concentration is n eces sary. We only 
give You the figures for 5x concentration to show You that the 
result is higher. 
7. The calcul at ion of the natamycin content according to the 
formul es 13), 16), and the fornula s on the pages 8, 9, and 10 
are g iven in reduced form . It is more informative first to gi ve 
the full formule, a nd Yo u have ~o gi v e all formules numb er . 
Eine weitere Verzögerung ergab sich, weil die van Ihnen angege-
.... 
oenen Bedingungen für die HPLC (FlieBmittelzusammensetzung) bei uns 
kein vernünftiges Chromatogramm ergaben. Bei der geforderten Verwen-
dung van Methanal/Wasser/Essigsäure = 60/40/5 (V:V:V) als FlieB-
mittel e~hielten wir einen zu breiten Natamycinpeak nach einer zu 
~I"''"' langen Retentien van ca. 2228 set. (siehe beiliegendes Chramata-
gramm). Wfr haben daraufhin die Zusammensetzung des angegebenen 
FlieBmittels vielfach verändert, jedoch mit wenig Erfalg für ver-
nünftige Peaks und kürzere Retentionszeiten. Deshalb haben wir uns 
entschlassen, das von uns in der 'Milchwissenschaft' 38 (3), 145-147 
(1983) angegeben~ FlieBmittel Methanol/ Phosphatpuffer = 70/30 (V:V; 
3,026 g KH2 Po 4 in 1 Liter H2o bidest.) zu verwenden. Säulen-
material und FlieBgeschwindigke~t entsprechen ansonsten Ihrer Var -
schrift. 
Weiterhin konnten wir nach Ihrer VorschrJft keine Konzentrierung ·der 
Proben 9, 5, 6 und 7 erreichen (s. Chromatagramme: Versuch 1, 3, 5, 
6 und 7 zehnfach konzentriert), was insbesandere für die spektral -
photametrische Bestimmung erforderlich gewesen wäre. Auch Probe 1 
mit hohem Natamycingehalt lieB sich nicht kanzentrieren. Die Bründe 
i hierfür sind uns nicht bekannt. In Abänderung Ihrer Varschrift ver-
wendeten wir lediglich die C 18 Kartuschen van Chrompack anstelle 
der van Waters. 
1) Die Proben und der Standard wurden nach Erhalt bis 
zum Untersuchungsbeginn bei - 18°C gelagert. Die Unter-
suchungen wurden vom 20.8. - 25.8.84 -vorgenommen. 
4) Bei den Proben 1 und 4 sind deutliche Unterschiede in den 
Werten, die nach der HPLC- und der UV-Methode ermittelt 
wurden, festzustellen. 
Wenn die dazugehörigen HPLC-Chromatogramme betrachtet werden, 
kann man vor dem eigentlichen Natamycin~Peak zwei mehr oder 
weniger deutliche Peaks mit Retentionszeiten von ca. 16-17 Mi-
nuten erkennen. Solche Vorpeaks treten auch bei reinen alten 
Standerds auf, man kann sie wohl als Signale filr Natamycin 
Abbauprodukte ansehen. Diese Abbauprodukte wurden aber bei 
der UV-Bestimmung als 11Gesamt-Natamycin 11 miterfa3t. An einem 
Beispiel sei dies demonstriert: 
Probe 1 Natamycin-Peak, Höhenwert •.•.•. • •.• ·.• 59461 
daraus berechneter Gehalt, mg/kg ...•.• 59.36 
Natamycin-Peak und Vorpeaks 
Summe der Höhenwerte •.•.•••..••.•..• 63.26 
11Gesamt-Natamycin" Gehalt, UV, mg/kg 64.90 
Wir wollen dem Problem der Bildung der Abbauprodukte 
weiter nachgehen. 
5) Ist es nicht möglich zur Vereinfachung des Untersuchungs-
ablaufes, die spektralphotometrische Detektion in Lösung 
8.8.1 durchzufilhren und auf 8.7.1 bis 8.7.3 zu verzichten? 
We regret we have experienced severe difficulties with the H.P.L.C. aspects of the above 
trial- In general we are experiencing prolonged retention times and in view of this poor 
sensitivity due to reduced and diffuse peaks. 
1. In our institute the relative unusual column (150 x 4,6 mm id) as 
' described in 3.17 was not available. Therefore we employed a Radial-Pak-
Cl8-cartridge (Waters) with tlle dimensions 100 x 8 mrn, equipped with a 
Cl8-Guard-PAK precolumn. 
2. The retentien times of natamycin \'/ere less stable as usual in HPLC but 
fluctuated although flow and pressure of the system seemed to be 
constant. Perhaps some proteins remain in salution during the preparatien 
of the samples, and later influence the retentien times on the HPLC-column. 
3. The diluted solutions described in 7.2.3 with natan~cin contents in the 
range of 0,1-0,8 ppm could not be analysed successful by our HPLC-system 
injecting only 20 microliters. Therefore we injected 200 ~1 to test the 
linearity of the calibration curve. Hov1ever in the case of samples \'lith 
low nata~cin contents this proceeding caused poor results, for the 
nata~cin peaks shifted forwards sametimes from 9-10 to 3-4 minutes . 
These shifts may also be caused by remaining proteins in the sample 
solutions, as suggested before. 
4. The procedure of concentratien with sep-pak cartridges seems to be not 
alh1ays reproducible, and the rates of recovery are varying. The dilution 
step in 8.2 causes precipitates, 1~hich perhaps bind some natamycin. 
Ayant utilisé pour le doeage par HPLC une colonne JlPf dont 
lea perforasnees se eont réTelées très médiocres, noue aTone dft refaire 
une colonne dont lee caractérietiquee soat différentees 
L t 150 ll1l 
ID t 4,6 mm 
Phases lfuoléoeil C 18 dp 1 5 _....u a 
Une seconde extraction a dft ltre réalisée avec le reste des 
échantillone, en a~outant un volume de eolvant proportionnel à la 
quantité préleTée (ce que nous avone indiqu~ Aans une oolonne •Solvent•). 
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DETERMINATION OF THE NATAMYCIN CONTENT OF CHEESE RIND AND CHEESE 
1 SCOPE AND .FIELD OF APPLICATION 
This Standard describes a method for determining the natamycin content 
of cheese rind and cheese. 
The limit of detection in the interior of the cheese is 2 mg/kg. 
The limit of determination in the cheese rind is 0,5 mg/dm2 *)• 
1.1 Reference 
ISO 707 Milk and milk products - Methods of sampling. 
1.2 Definition 
'Natamycin content' means the amo unt of this substance, as determined 
by the method described below, expressed in mg/dm2. 
1.3 !:r.!,n_siJ!l!,_ 
A weighed quantity of sample is extracted with methanol. The extract 
is diluted with water to precipitate most of the fat and is then 
cooled. 
After fUtration and clean- up the natamycin content is determined by a 
spectrometric or an HPLC method. 
For low concentrations a concentration step is included befare 
rneasurement. 
2 REAGENTS AND REFERENCE SUBSTANCES 
Note: Brand narnes are mentioned for identification only, and do not 
exclude other brands, '.;rhich may satisfy as well. 
2. 2 A~e~u~ .!!!.e.!,hanol, prepared by mixing two volumes of methanol t.;rith 
one volume of t.;rate r. 
*) These limits were fixed by the Joint IDF/ISO/AOAC Group of Experts 
E 43 "Selected Food Additives" in its meeting of 7 May 1985, based 
upon the results of a collaborative study carried out in 1984. 
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Note: Hhen using this preparatien as a standard take the natamycin 
content into account (see 7.1.1.1). 
3 APPARATUS , GLASSHARE AND AUXILIARY EQUIP~IENT 
3.1 !_a.!,a.!!,C!:,, capable of t-leighing to 1 mg. 
3.2.1 For the analysis of cheese rinds: 
a Slicer , or similar apparatus that will enable portions of cheese 
rind S mm thick and about 3 cm wide to be obtained (see figure 1). 
3.2.2 For the analysis of cheese: 
Fine-slicer , for cutting slices of cheese 0.7 mm thick. See figure 2. 
Note: A David planning- machine is suitable. 
3.3 Grinder or blender 
Note: A Moulinex 'Moulinette ' is suitable. 
3.1.! _!h.!r.E.!_n.!,f!:,, for cutting slices of cheese into small pieces. 
3.7 ,9_o.!!,i.s,a.!, .fl.!s~, 200 ml, of coloured glass t-1ith ground-glass stop-
pers. 
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3.11 ,!:!i.S,r.2.f.!l.!_e~, 0,45 J.Jm pore size 
0,20 ).Jm pore size 
(resistent to attack from alcoholic solutions). 
3.13 fu~n!l , about 7 cm in diameter . 
3.14 iP!:_C.!_r2.m!_t.!:!,, suitable for measurements at wavelengtbs of about 
310 nm, about 317 nm and also 329 nm, equipped '"ith cells having an 
optica! path of 1 cm. 
3.15 fr!:_e~e!., operating in the temperature range - 15 to -20°C. 
3.16 1_i.9.,u,!d_C.!:!.r2.m.!!.tog!.a.E.h_w,!t_!!Q.•.Y.•_d!_t!_c_!;_o.!, and recorder and/or 
integrator. 
3.17 _!n.!!,l1,t,!c.!!,l_ c.2,ll!,mll ~t.!!,i!ll!_s~ ~t!_el,: 150 mm x 4.6 mm id, packed 
with Lichrosorb RP 8, partiele size 5 J.Jill• 
3.18 .2_u.!!,r!!_.s,ol,u.!!!,n_s,!_a,!nl,e~s_s..!,eel : 100 mm x 2.1 mm id, packed with 
Peris orb RP 8, partiele si ze 30- 40 J.Jill• 
4 SAHPLING 
See ISO 707. 
A \o~hol e cheese, or a segment of a chees e representative of the whole, 
s hall be presented to the laboratory. 
5 PREPARATION OF THE SANPLE 
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5.1.2 If necessary, cut the sector or portion sample into smaller sec-
tors or portions so that the width of the cheese rind is not more than 
about 3 cm. 
5.1.3 Cut the whole rind to a thickness of 5 mm from the sectors or 
portion thus obtained. 
5.1.4 Cut from the rind obtained a rectangular piece and meosure the 
surface in cm2 (about 20- 40 cm2), weigh the piece in g. Note the sur-
face and mass. 
5.1.5 Grate carefully and m1.x the whole cheese rind, including the 
weighed and measured piece. Transfer immediately to a sample jar a 
quantity of the sample thus prepared. 
5.1.6 Clean, after each sample, all tools which have been in contact 
with the cheese or cheese rind, first '~ith hot l~ater foliowed by 
methanol and dry thoroughly for instanee with a stream of compressed 
air. 
5.2 .2,h.,!;.e~ laboratory sample. 
5.2.1 After removing the rind as described in paragraph 5.1.3, slice 
ldth the fine-slicer (3.2.2) the tvhole of the outer section of the 
cheese as prepared in paragraph 5.1.2. 
5.2.2 Cut from ~~e slices of cheese a rectangular piece and meosure 
the surface in cm2 (about 20-40 cm2), weigh the piece in g. Note the 
surface and mass. 
5.2.3 Cut all the slices of cheese - including the weighed and 
measured piece of cheese - into small pieces of 1 to 2 mm and mix 
carefully. Transfer immedia tely to a sample jar a quantity of the 
s ample thus prepared. 
5.2.4 Clear, after each sample, all tools which have been in contact 
with the cheese first '~ith hot t~ater followed by methanol and dry 
thoroughly for instanee with a stream of compressed air. 
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6 DETERMINATION 
6.1 In the case of cheese rind, accurately weigh, to the nearest 10 mg, 
about 10 g of the test sample for analysis into a 200 ml conical flask 
and add 100 ml of methanol (2.1). 
In the case of cheese, accurately ~>leigh, to the nearest 10 mg, about 
5 g of the test sample for analysis into 100 ml conical flask and add 
50 ml of methanol (2.1). 
Stir the contents of the conical flask for 90 min with a magnetic 
stirrer or shake for 90 min in a shaking-machine. 
6.2 If cheese rind, add 50 ml of to~ater. 
If cheese, add 25 ml of water. 
6.3 Place the conical flask in the freezer immediately and allow to 
stand for about 60 min. 
6.4 Filter the cold extract through a folded filter, discarding 
the first 5 ml of filtrate. 
Dring the filtrate to room temperature. 
No te: The filtra ti on has to be carried out to~hen the suspension is 
s till cold. Hhen ~o~armed up, there is a risk of turhid filtrates. 
6.5 Put a part of the filtrate in a syringe (3.10) and filter 
through a microfilter of 0,45 ~m pore size and then through a micro-
filter of 0.20 ~m pore size (5.11). 
7 DETECTION 
7.1.1 Measuring standard solution. 
7.1.1.1 Immediately before use, dissolve 50 mg of 100% natamycin 
( calculated from 50 x 100 mg of na tamycin stand ard) (2. 3) in 100 ml of 
methanol (2.1). P 
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Take 5 ml of this salution and dilute to 50 ml with aqueous methanol 
(2.2), then dilute 5 ml of the diluted salution again with aqueous 
methanol (2 .2 ) to 50 ml. 
The natamycin concentratien of the final salution in 5 ~g/ml. Use this 
solution, or another salution with appropriate concentratien close to 
that of the sample solution, measured in 7.1.2, for calibration of the 
apparatus. 
7.1.1.2 Record the spectrum of the standard salution in the range 
300- 340 nm. Measure the absarptien at the maximum at about 317 nm , the 
minimum of about 311 nm and at 329 nm exactly. Use aqueous methanol 
(2.2) as a blank. 
Note: As natamycin is instabie in aqueous methanol, measure as rapidly 
as possible. 
7.1.1.3 ealculate a constant A from the equation 
eN = A x Enatam (1) 
eN concentratien of the natamycin standard salution in ~g/ml. 
Enatam = net absarptien of this natamycin solution. 
E 
1' 
"-' )11 "'3'1 
Figure 1 
Enatam is the absarptien at about 317 nm 
corrected using the straight line between the 
a bsarptien at about 311 and 329 nm as a base 
line. 
11VV'\ 
Enatam cao be taken from the UV spectrum (see figure 1) , or can be 
calculated with the formula 
Enatam = (E1)N -! (E2)N - 1 (E329)N 
-
(2) 
3 3 
~o~here 
(E1)N the maximum absorption at a bout 317 nm. 
(Ez)N the minimum absarptien at a bout 311 nm. 
( E329 )N = the absarptien at 329 nm. 
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Note: The exact position of the maximum at 317 and the minimum at 
311 nm can be slightly shifted, due to variations in apparatus 
calibration. Use always the actual maximum and minimum values. 
7.1.2 Measuring sample solution 
7.1.2.1 Record the spectrum of the sample solution in the range 
300-340 nm. Measure the absorption obtained in 6.5 at the maximum at 
a bout 317 nm = (El )s, the minimum at a bout 311 nm = (E2 )s and at 329 
nm exac tly = (E329)s• U se the aqueous methanol (2.2) as a blank. 
7.1.2.2 Calculate the natamycin concentration of the sample in mg/kg 
using the equation 
Cs = 15 A x Enatam 
~o1here 
Cs natamycin concentration of the sample in mg/kg. 
A =constant, as determined in 7.1.1.3. 
Enatam = absorption of the sample solution, baseline corrected 
according to fig. 1, or calculated from ~1e equation 
(E1)s -! (E2)s - l (E329)s 
3 3 
(3) 
(4) 
The value C8 will be used for the determination of the natamycin con-
centration in the cheese, below the cheese rind, to detect migration 
of natamycin into the cheese. 
7.1.2.3 Calculate the amount of natamycin on the surface of the cheese 
rind in mg/dm2 using the equation 
c ' s = 0.1 Cs x x (5) 
y 
1.5 x A x! Enatam (6) 
y 
1.5 x A x! (E1)s -! (E2)s - l (E329)s (7) 
y 3 3 
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where 
Cs' concentratien at the surface of the cheese rind, in mg/dm2 
X = mass of the piece of cheese rind in gram 
Y surface of the piece of cheese rind in cm2 
A constant found in paragraph 7.1.1.3. 
The value Cs' will be used for the determination of the natamycin con-
centration on the surface of the cheese rind. 
7 .1.3 If the natamycin concent ration of the sample is so low that 
detection is impossible or almost impossible (signal/noise ratio < 3) 
and you still want to know the quantity, concentrate the filtrate 
(6.5) as described in paragraph 8. 
7.2 Detection with HPLC 
7.2.1 Adjustment of the liquid chromatograph 
The following chromatographic conditlans are recommended. 
Mobile fase Methanol-water- acetic acid 60 + 40 + 5. 
Flow 1 ml/min. 
Detector set : 303 nm, 0,005 AUFS. 
Recorder 10 mv. 
Theerecital (typical) plate count: minimal 1500. 
Typical retetion time. 
Note : Hhen another type of column is applied , the methanol:water 
ratio may have to be adapted. The relative amount of acetic acid , 
h olo,~ever , is essential to keep the absorption maximum at 303 nm. 
7.2.2 Before each series of samples a standard with a known quantity 
of natamycin must he injected to appoint the retention time and to 
check the calibration curve. 
7.2.3 Preparatien of t he calibration curve 
Pipette 1-2-4- 6 and 8 ml of standard salution (7.1.1.1) into a series 
of 50 ml volumetrie flasks and make up to volume wlth aqueous methanol 
(2.2). 
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These so1utions contain 0.1, 0.2, 0.4, 0.6 and 0.8 ~g/m1 respectively. 
I nject 20 ~1 of these solutions. Measure the surface or height of the 
peaks and plot the found values on the y- axis against ~1e injected 
quantities in ng on the x-axis. 
7. 2.4 l njec t 20 ~1 of the c1ear fi1trate obtained in paragraph 6.5. 
Mensure the surface or the height of the peak with the same retentien 
time as the natamycin standard solutions. 
Measure as rapid1y as possible. 
7.2.5 Ca1cu1ation 
The quantity of na tamycin in the injected aliquot can he found by 
interpolation on the stand ard curve. 
7.2.5.1 Ca1culate from the fo und concentration of natamycin in the 
filtrate the natamycin concentration in the cheese (rind) in mg/kg 
with the formul a 
C = 15 x B ( 8) 
B = the quantity of natamycin in ~g/m1 
C = the concentration in the cheese (rind) in mg/kg. 
7.2.5.2 Calculate the amount of natamycin on the cheese rind surface 
in mg/dm2 with the formula 
C I = 0.075 B x! (9) 
y 
= 0.1 • c x x (10) 
y 
where 
C' = the amount of natamyc in in the cheese rind s urface i n mg/dm2. 
X = the mass of the piece of cheese rind in gram. 
Y = the surface of the piece of cheese rind in cm2 . 
7.2.6 If the peak s urface or peak height of the sample , fo und i n 
paragraph 7. 2.4 i s so low tha t interpo1ation on the standard curve i s 
impos s ible or a lmos t impossib1e and you still want to know the quan-
tity, concentrate the filtrate (6. 5 ) as desc ribed in paragraph 8. 
- 10 -
handle 
cheese rind 
roller 
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5 mm 
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knife, 6 cm width 
Figure 1 Slicer, that will enable porties of cheese rind 5 mm thick (3.2.1) 
Figure 2 Fine-slicer, for cutting slices of cheese 0.7 mm thick (3.2.2) 
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8 CONCENTRATION OF THE FILTRATE 
8.1 Decide if a concentration of about 5 or about 10 times is desired. 
Base this deelsion on the data found in paragraph 7.1.1 or 7.2.3 and 
the required detection limit. 
8.2 Pipette 25 or 50 rul (resp. 5 and 10 times concentration) of the 
filt r a te (6.5) in a beaker. Add 50 or 100 ml water and mix. 
8.3 Activate a sep-pak C18 cartridge us ing 3- 5 ml of methanol , then 
1-1ash 1-1ith 10 ml of 1-1ater. 
8.4 Pass the salution (8.2) through the cartridge with a speed of * 25 
ml/min with the aid of a syringe. 
8.5 Rinse the cartridge with 10 ml water. 
8.6 Elute the natamycin with 3 ml met hanol. 
8.7 Spectrometric detection. 
8.7.1 Add 1,5 ml water and mix. 
8.7.2 Put the salution in a syringe and filter ~trough a microfilter 
of 0,45 pm pore size and then through a microfilter of 0,20 pm pore 
size, into a cuvette. 
8.7.3 Measure the absorption as described in paragraph 7.1.1. 
8.8 Detection with HPLC. 
8.8.1 Fill up the salution (8.6) to 5 ml with methanol. 
8.8.2 Inject 20 pl of the clear fil trate obtained in paragra ph 8.8.1. 
Measure the surface or height of the peak with the same retention time 
as the na tamycin standard solutions. Measure as rapidly as possible. 
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8.9 Calculation after concentration. 
8.9.1 For spectrophotometri.cal detection. 
8.9.1.1 Calculate the natamycin concentration of the sample in mg/kg 
with the formula: 
for about 5 times (5.6 x) concentration: 
Cs = 2.7 A x Enatam = 2.7 A x (E1)N - 2 (E2)N - l (E329)N (11) 
3 3 
for about 10 times (11.1 x) concentration 
Cs = 1.35 A x Enatam = 1.35 A (E1)N - l (E2)N - l (E329)N (12) 
3 3 
where A, E1, E2 and E329 are as in paragraph 1.1.2.2. 
8.9.1.2 Calculate the amount of natamycin on the surface of the cheese 
rind in mg/dm2 for about 5 times (5.6 x) and about 10 times (11.1 x) 
concentration with the formula: 
Cs' = 0.1 Cs x! 
y 
where X and Y are as in paragraph 7.1.2.3. 
8.9.2 For HPLC detection. 
(13) 
The quantity of natamycin in the injected aliquot can be found by 
interpolation on the standard curve. 
8.9.2.1 Calculate the natamycin concentration of the surface in mg/kg 
with the formula: 
for 5 times concentration 
c = 3 B (14) 
for 10 times concent ration 
c = 1.5 B (15) 
\'lhere B is the same as in paragraph 7 .2.5.1. 
8.9.2.2 Calcu1ate the amount of natamycin on the cheese rind surface 
in mg/dm2 with the formula 
C' = 0.1 C x! 
y 
where X and Y are as in paragraph 7.2.5.2. 
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9 REPEATIBILITY AND REPRODUCIBILITY 
The repeatib ility and reproducibility of t he methad according to a 
collaborative st udy carried out i n 1984 with 36 laboratorles on 8 
samples proved to be as follows. 
Level Spectrometr ic HPLC 
mg/dm2 
CVr CVR CVr 
mg/kg % % % 
4 óU 5.9 12.2 9.3 
1 15 6.2 11 .9 7.1 
o.o8 1.3 16.5 35 23.4 
0.02 0.3 42.5 60 29 
CV = Coefficient of variation. 
Relative repeatibility rrel 2.83 x CVr• 
Relati ve reproducibility Rrel = 2.83 x CVR• 
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